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INVESTIGATION OF A THIN WING OF ASPECT RATIO 4 IN 

THE AMES 1wooT PRES= m TtlmKEL. I11 - THE 

EFFECTIVENESS OF A C O N S m - C H I D  A-ON 

#By Ben H. Johnson, Jr.,  and  Fred A. Demele 

A wind-tunnel  investigation w&6 made  at  Mach  numbers f r o m  
0.27 to 0.94 with a constant  Reynolds nmiber of 2,370,000 of a 
semispan model of a thin,  unswept wing of  aspect  ratio 4 and taper 
ratio 0.5 equipped-Gith a constankhord aileron extending Fnboard 
from  the w i n g  tip a distance. of 39.12 percent of the ning semispan. 
The" had a modified diamond profile  with a thickness  ratio of 
0.042. 

Compressibility  effects on the  aileron  effectiveness  were 
smal l  at Mach numbers up to 0.85. At  Mach  numbers  above 0.85, 
the  aileron  effectiveness  became  erratic  even  at anglee of attack 
w e l l  below  the  stall. At a Mach nmber of 0.94 a reversal fn aileron 
effectiveness was observed  at an aileron  deflection of 2O and an 
angle of attack of only 5O. Similar  reversals  were  noted  at  angles 
of attack near the  stall  for  Mach  numbers of 0.27 and 0.50. At 
angles of attack up to hO, the  total  rollhg+noment  coefficient 
due  to  equal u p  and  dowIwileron  deflections  varied  smoothly  with 
aileron  deflection  at a l l  Mach nlIIIlf3ers up to 0.94. At low speeds, 
some degree of  rolling  effectiveness was retained by the upaileron 
even for  angles of attack  above  the  stall. 

The  data  have  been  applied to the  prediction of lowpeed 
lateral-control  characteristics of 3 hypothetical  airplane  equipped 
with  the  w3ng-aileron  caibination  tested. The maximum value of the 
helix  angle  generated by the a tip was predlcted to be  adequate 
at  the flight condition  investigated. 
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As part of a general study of supersonic airplane configurations, 

tests have bean made of a thin,  straight wing of aspect ratio 4 in 
the Ames l2-fw-b pressure wind tumrel. Tests of the plain wing haw 
been reported in reference 1, asd the effects of leading-edge and 
trailingedge f'lape on the laFspeed characteristics Bare been 
reported in reference 2. The tests  reported  herein were made to 
determine the effectiveness of B constant+hort¶ aileron an this 
Xing at Mach numbers ug to 0.94, and were condncted at a constant 
Reynolds nuuder of 2,370,000. 

The following coefficients are used in this report: 

lift coefficient 

rolling+nment coefficient (rou2-mt 
damphg+mment coefficient in roll ;  the rate of change 

coefficient Cz with -tip helix 

measured rolling"t coefficient of the semispan model 

The follawing synibols are used in this repact: 

speed of sound, feet per second 

section  liftrcurve  slope, per degree 

twice  the span of the semispan wlng, feet 

local wlng chord, feet 
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Mach nzmiber ( :) 
angular velocity in r o l l ,  radians per second 

asnamic pressure (PF), pounds per square foot 

Reynolds  nmiber 

twice the area of the semispan wing, square feet 

1 

( 9  
airspeed, feet per second 

distance frcnn the plane of syrmetry to any spanwise station, 
feet  

angle of attack of wiIq+chord plane, &pees 

angle of attack of the  xfng-chordplane in the wind tunnel, 
uncorrected f o r  tunnel-rwall interference, degrees 

aileron def'lectian, measured in a plane perpendicular to the 
aileron hinge axis,  positive downwaxd, degrees 

ulscosity of air, slugs per foot-eecond 

mass density of air, slugs per d i e  foot 

The tes ts  were conducted fn the Ames lsfoot pressure wind 
tunnel which is a close&thrcat,  variable4emity wina tunnel. with 
a low turbulence level closely approximating that of free air. 

The semispan Xing with a plain ailercm used for this inveetigakian 
was the same as thst used in the  tests of reference 1. The ridges of  
the  basic diamond profile had been rounded 60 that the thiclmess-chord 
rat io  was 0.042. The seslispan model represented a wiag of aspect 
ratio 4 and taper r a t i o  0.50. The span of the  consfxnkhord  aileron 
was 39.12 percent of the wing semfspan and extended to the wing t ip .  
The aileron ?m,d 8 ~ l  area of 7.8 percent of the wing area and the ra t io  
of aileron chord t o  local wing chord m i e d  frcm 0.216 at the aileron 
root t o  0.300 at the aileron tip. The unsealed gap  between the aileron 
and the wing was 0.015 inch. Dimensions of the w h g  are given in 
figure 1. The semispan model was mounted vertically in the tunnel as 
shown in figure 2. The ailerm was attached to  the wing by hinges 



Correciiiolle to tPre data far constrfcticw effects of the tunnel 
U s ,  evaluated by the method of reference 5, are given in t h e  
Polloaing tabler 

9. corrected 
a. uncorrected, 

1 . 041 
1.03 
1.028 
1.021 
1.017 
1.012 
1.005 
1.000 

The turntable w1 which the model was mounted was cctnnected 
directly to the fort-easuring apparatus, hence the masure& roll- 
ing mQmsnta included a taxe r o l l i q  nmnent as a result of the 
asymmetry of the pressure distribution an the tmntable due to  
lift on the wing. In the reduction of the data, the rolling naaent 
due to ailera deflection was calculated by stibtracting the measured 
rolling mdmhept with ailerron neutral frm the measured roll-  ntmmxt 
wlth aileran deflected for each angle of attack and Mech nwibew. 
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rolling mynt with total ailaran  deflectfa up t o  a Mschnrmiher of 
0.94. 

. 
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The data of figure 3 have been applied to the  prediction of 
the low-speed rolling performance of a hypothetical  aimlane flm 
a t  sea level. The calculations are based 011 the method of reference 
7, assuming -zero sideslip of the  airplane & 110 torsianal  deflection 
of the wing. V a l u e s  of the dmghg-t coefficient due t o  rolling 
CzP were obtained f r a m  reference 8 using d u e s  of wing"secticm lif" 

curve slope a. interpolated f r a m  the data of reference 9. 

The cs3cuJated miatfcm of the --tip helix angle with total 
aileron  deflection (sum of e@ up- dawnaeflectians) is presented 
in figure 6 for an 'airplane with a Kfng loa- of 60 pounds per 
square foot. Values are presented for fl ight Mach nmibers of 0.27 
and 0.50. The variation of pb/ZV with aileron deflection is smooth 
and uniform and the e v a l ~ e  of pb/2V is larger  then  specified 
by reference 10. 

By the  results of t es t s  of 8 sermispsn d e l  representing a thh 
wing of aspect r a t f o  4 and .taper ratio 0.50 with R canstanWhord 
aileron of 39.E percent of the wing smiepetn in the Ames lsfoot 
pressure wind tunnel a t  Mach nllpibers up to 0.94, ,the following 
conclusions w e  inafcated: 

1. The ailerons were successful in producing rolling rnorments 
q t o  the  highest  test Mach n&er 0.94, at lift coefficients ug t o  
0.5 . A t  Mach numbers of 0.85 and above, the  rolling moments  
produced by small aileron  deflections were small and erratic  at  
lift coefficients  geater  than 0,5. A t  a Mach number of 0.94, a 
reversal in afleron  effectiveness was observed a t  an angle of attack 
of only 5O. Sinilar reversals were noted at angles  of attack near 
the stall  for Mach nmibers of 0.27 and 0.50. 

2, A t  l o w  speeds, the ailerons were predicted t o  be capable 
of producfng a --tip helix angle greater  than 0.10 radians. With 
the  aileron  deflected upward, sme degree of rolling effectiveness 
was retained at angles of attack above the stall. 

3. -Despite the erratic behavior of the rolling moments due t o  
individual  aileron  deflections a t  Mach  numbers  above 0.85, the rol l -  
ing moments calculated for  equal u p  and a m t i e r o n  deflections 
varied smoothly and unfformly with t o t a l  aileron  deflection at angles 
of - attack up . to  bo and Mach  numbere up t o  0.94. The effect of compressi- 
b i l i t y  on the  rate of change of *-tip helix angle with aileron 

L 



8 r- M C A  RM No. ~ 8 n 7  

deflection vfll be confined  primarily to its  effect on the &mping 
mmmt due to roll- and its  effect an wing twist for flight  at 
Mach nmfbers up to 0.94 and angles of attack up to 4O. 
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I .0/5 gup (Consfanf) 

Modif/ed diamond  secfion,  round ridge 

Figure 1.- Semispan  mode/ of a wing of  aspect rafio 4 fesfed  in 
the  Ames 12-foof pressure wind tunnel. 
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46 -12 -8 -4 0 4 8 /2 /6 
Angle of uffuck, Q, deg 

(0) M, 0.m v 
Figure 3- Tbe effecf af deffecfion of o consiunf-cbord  uiXwon  on  fhe 

/ift und ro~/ing-momenf choructerisfics of fbe wing. 
R , 2,730,000. 
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Figure 3.- continued. 
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Figure 3- continued - 
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Angle of offock, U, deg 

(0') M, 085. " Figure 3- confinued. 
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-8 -4 0 4 8  -8 -4 0 4 8  
Angle of uftuck, a, deg Ang/e of uffuck, u, deg 

(e) M, 0.87, (f) M, 0.90. 
figure 3"confinued 
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Angle of u?tuck, Q, deg 

(9) M, 092. 

Figure 3.- concluded. 
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Figure 4 - confinued. 
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Figure 4. - conchded. 



24 - lAClCA RM no. ~8117 

c 



0 /O 20 30 40 0 / 0 2 0 3 0 4 0  
7Ma/ ai/eron  def/ecfion,  deg Tofu/  ai/etvn  deffection,  deg 

(el M,0.81: (0 M,0.90, 

-0 /o 20 30 40 
?&tal ui/eron deflection, deg Total  aileron  deflection,  deg 

(gl M, ow. (h) M,0.94. 
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Total aileron  deflection,  deg Total oileron  deflection,  deg 
Figure 6. - The variation of wing-tip  helix  angle  with total aileron deflection for flight at sed level Wing 

loading, 60 pounds per square foot; equol up-and  down-aileron deflection; ossumed rigid wing  and 
zero sideslip. 
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